Testing gravitational theories by binary pulsars nowadays becomes a key issue. For the general screened modified gravity (SMG), the post-Keplerian parameters in the neutron star (NS) -white dwarf (WD) binaries differ from those of general relativity (GR), and the differences are quantified by the scalar charge WD of WD. After deriving the constraints on WD from four different NS-WD binaries, we find that WD is different from zero at the 2σ level in all the cases studied, and there exists an inverse correlation between masses and scalar charges of low-mass WDs, which is consistent with the screening mechanisms. In particular, two independent binaries with measured radii of WDs follow the coincident constraints on the vacuum expectation value of the scalar field. These self-consistent results indicate that the observations in NS-WD binary pulsars seem in favor of SMG, rather than GR.
Introduction.-Although Einstein's general relativity (GR) is one of the most successful theories of gravity, it suffers from the quantization, singularity, as well as dark matter and dark energy problems. For these reasons, testing GR in various circumstance is still the key task in modern physics [1] . However, scientists can never truly prove that a theory (including GR) is correct, but rather all we do is to disprove, or more accurately to constrain alternative hypothesis [2] . Therefore, studies of modified theories of gravity play a crucial role in testing GR. As the minimal extension of GR, scalar-tensor theories are a natural alternative [3, 4] , which invoke a conformal coupling between matter and an underlying scalar field. Meanwhile, the screening mechanisms are needed in order to evade the tight constraints of the theories from the Solar System and laboratories, which include the chameleon [5, 6] , symmetron [7, 8] and dilaton [9, 10] mechanisms. These theories can be described within a unified theoretical framework called the screened modified gravity (SMG) [11] .
Thanks to the accurate measurements of various postKeplerian (PK) parameters, since the discovery of the Hulse-Taylor binary, binary pulsars become the excellent laboratories for testing gravitational theories in the strong field regime [12] [13] [14] . For SMG, the neutron star (NS) -white dwarf (WD) binaries are the ideal targets to probe deviations from GR, since the extra scalar dipole radiations can be emitted by the systems. In the previous work [15] , we constrained SMG by the observed rate of orbital period decay of the binary system PSR J1738+0333. As a comprehensive extension, in this Letter we consider the full PK parameters of the NS-WD binary, and find that the deviations from GR can be elegantly quantified by a unique parameter, the scalar charge of the WD involved. Analyzing four such independent systems, we find that the scalar charge deviates from zero in all of these cases, and the data show a tendency of the inverse correlation between masses and scalar charges of WDs, which is consistent with the prediction of the screening mechanisms. In particular, we find that two independent constraints from PSRs J1738+0333 and J0348+0432 with measured radii of WDs coincide with each other. These evidences are in favor of SMG, and represent slight (but yet consistent) deviations from GR.
Screened modified gravity.-The Lagrangian density of the most general SMG can be written as [4, 11] ,
where M Pl is the reduced Planck mass, and V (φ) is the bare potential of the scalar field φ. The conformal coupling function A(φ) characterizes the interaction between φ and matter fields, collectively denoted by ψ m , which induces the fifth force. In order that SMG can generate a screening effect to suppress this fifth force in high density environments, the effective potential of the scalar field must have a minimum, acting as the physical vacuum [11] . Around this vacuum, the scalar field acquires an effective mass, which increases as the ambient density increases. Therefore, the scalar field can be screened and evades constraints in high density regions, while in low density regions, the long-range fifth force may affect galactic dynamics [16, 17] . In addition, the scalar field can also act as dark energy to provide the late-time acceleration of the Universe [5, 8] . Meanwhile, the tensor gravitational waves (GWs) in SMG contain two basic polarization modes and all propagate with the speed of light [18] , whereby the severe constraints on the speeds of GWs obtained from GW170817 are satisfied [19, 20] .
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Post-Keplerian parameters.-In binary pulsars, PK parameters describe the relativistic corrections to the Keplerian orbit and provide excellent windows to test theories of gravity [21, 22] . For a binary pulsar in a quasi-elliptical orbit with pulsar and companion masses m p and m c , the five PK parameters in SMG are derived in [15, 23] , which are the average rateω of the periastron advance, the amplitude γ of the Einstein delay, the range r and shape s of the Shapiro delay, and the average ratė P b of the orbital period decay are given, respectively, by, 
where masses are expressed in solar units, T ≡ GM = 4.925490947µs is a solar mass in time units, m ≡ m p + m c is the total mass, and P b , e and x p are the orbital period, orbital eccentricity and projected semimajor axis of the pulsar orbit, respectively. The quantities p and c are the pulsar and companion scalar charges. The other quantities are defined as d ≡ c − p and Γ ≡ c m p /m+ p m c /m. Note that the PK parameters depend on the masses and scalar charges of the pulsar and its companion, and reduce to the results of GR when p = c = 0. In Eq. (5), the first and second terms are the tensor quadrupole and scalar dipole radiations, respectively, and the remaining terms represent the contributions from the monopole and the monopole-quadrupole and dipoleoctupole cross terms. Clearly, the dipole radiation dominates the orbital period decay unless c − p = 0, because P b /T = O(10 9 ) for a typical binary pulsar with a 1-hour orbital period.
Scalar charge.-The scalar charge (i.e., the screened parameter) in SMG is equivalent to the sensitivity [15, 24] , which characterizes how the gravitational binding energy of the object responds to its motion relative to the scalar field. The screening mechanisms imply that the scalar charge should be smaller for more compact objects. This is completely different from other alternative theories of gravity without screening mechanisms, which generally predict the large non-GR effects for compact objects [1] . We consider the star (labeled as a) approximately as a uniform density sphere, and then the scalar charge is given by [25] 
where Φ a ≡ Gm a /R a is the compactness of the star, φ a is the position of the effective potential minimum inside the star, and φ VEV is the vacuum expectation value (VEV) of the scalar field which depends on the background matter density. Note that in general φ a is inversely correlated to the matter density ρ [25] . Since the background matter density is always much less than that of compact stars, we have φ VEV φ a . Obviously, the scalar charge is inversely proportional to the compactness, which agrees with the screening mechanisms.
Binary pulsars.-The scalar dipole radiation dominates the orbital period decay and depends on the difference in the scalar charges, hence the asymmetric systems like the NS-WD binary pulsars are one of the ideal targets for testing theories of gravity. Due to the screening mechanisms (i.e. WD / NS ∼ 10 4 ), we can set NS = 0 (compared with WD ). Thus, the PK parameters (ω, γ, s) reduce to those of GR, and the constraint of WD comes only fromṖ b [26] . To determinate the system parameters (m NS , m WD , WD ), we need at least three observables, including the intrinsic value ofṖ b . With these requirements, we consider the four NS-WD systems: PSRs J1141−6545 [29, 30] , J1738+0333 [31] , J0348+0432 [32] and J1012+5307 [33, 34] . The relevant parameters for these systems are listed in Table I .
Method and results.-We set up Monte Carlo simulations to determine the system parameters (m NS , m WD , WD ) for the four systems mentioned above, and the results are summarized in Table II . In the simulations, all observables are randomly sampled from a normal distribution with mean and standard deviation equal to their fitted values and uncertainties, respectively, and then the unknown quantities can be obtained by solving the PK equations. This process is repeated 10 5 times to construct the histograms of the system parameters and determine their median values and uncertainties.
We present our analysis of PSR J1141−6545 as an example. This system provides four PK observables (ω, γ,Ṗ b , s). Utilizing the first three, the system masses and WD scalar charge are derived and listed in Table II. These masses imply the Shapiro delay shape s = 0.959 ± 0.008 at 68.3% confidence level (CL), which agrees with its observed value (see Table I ).
We construct the mass-mass diagram in Fig. 1 , and slight difference between the GR masses (blue dot) and SMG masses (red dot) is observed in the diagram. Since NS = 0 is adopted, the PK parametersω, γ and s in SMG are the same as those in GR, and labeled by cyan, purple and green, respectively. The blue dashed curves denotė P b in GR, and the red curves denoteṖ b in SMG, which is obtained by pushing WD to its median value (0.0026). In general, these curves are different for different theories of gravity, but they should intersect in the same region if the theory is valid. Here, all curves intersect in the same region, meaning that SMG pass these tests.
Deviations from GR.-The screening mechanisms imply that the more compact the star is, the smaller its scalar charge is. In general, the compactness increases as the mass increases for low-mass WDs [35] . Therefore, the scalar charge decreases as the mass increases, which is expected to be observed from WDs. Fig. 2 presents the mass-scalar charge diagram for WDs derived from the four independent systems under considerations. Indeed, we find that there exists a tendency of inverse correlation between m WD and WD for three low-mass WDs (expect for the massive WD in PSR J1141−6545), which provides strong supports for the screening mechanisms. In addition, we find that the scalar charges of all WDs are not only of the same order of magnitude (∼ 10 −3 ) but also inconsistent with zero at 95.4% CL (see Table II ), which represents slight but significant deviations from GR, although within the error bars our results are still marginally consistent with GR. Among them, PSR J1738+0333 provides the most stringent constraint on the scalar charge, which is consistent with the conclusion given in [31] .
Moreover, for the two WDs from PSRs J1738+0333 and J0348+0432, their radii are measured (see Table I ), hence their compactnesses are Φ WD = 1.04 × 10 −5 and Φ WD = 5.61 × 10 −6 , respectively. Using Eq. (6), we obtain the constraints on the scalar field VEV (95.4% CL), 
These two independent constraints coincide with each other, which provides a strong support for the relation (95.4% CL).
As one of the main conclusions of this Letter, this result is applicable for any SMG model. Application to chameleon.-The above results are generically applicable to all SMG theories, and here we consider the chameleon model as an example. The chameleon model was introduced as a screening mechanism by Khoury and Weltman [5, 6] . The original model is ruled out by combining the observations of the Solar System and cosmology [25, 36] . We consider the exponential chameleon, which is characterized by an exponential potential and an exponential coupling function [37] ,
where α and β are all positive constants, and Λ labels the energy scale of the theory. The chameleon VEV is given by [15] 
where ρ b 10 −42 GeV 4 is the galactic background density.
The cosmological constraints require that the energy scale Λ is close to the dark energy scale, i.e. Λ 2.24 × 10 −3 eV [25, 38] . Using Eq. (10), from the pulsar constraint (8), the allowed parameter space of (α, β) is illustrated by the shadow region in Fig. 3 . The post-Newtonian parameter now is given by γ PPN = 1 − 2βφ VEV /(M Pl Φ) [25] . Then, from the Cassini constraint |γ PPN − 1| ≤ 2.3 × 10 −5 [39] , the allowed parameter space of (α, β) is shown by the yellow region in and an upper bound β ≤ 0.005, which implies that the chameleon is weakly coupled to matter.
Conclusions.-As a simple generalization of GR, SMG is a class of scalar-tensor theories of gravity with screening mechanisms in order to satisfy the tight Solar System tests. In this Letter, we have constrained the general SMG by using the full observed PK parameters of NS-WD binary pulsar systems, in which the difference from GR is characterized by a unique parameter, i.e., the scalar charge WD of WD. Considering four independent binaries, we have found the nonzero values of WD for all WDs, and also an anticorrelation between WD and m WD in the low-mass WDs, which is consistent with the prediction of the screening mechanisms. Especially, from two different binaries (PSRs J1738+0333 and J0348+0432) with measured radii of WDs, we have obtained the coincident constraints on the scalar field VEV. These selfconsistent results show explicitly the deviations from GR in binary pulsars at the 2σ level. To confirm our results, further observations with more precise measurements are highly demanded.
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